
WHAT IS CLAMED ISs 



!• A load, balancing method in a system ccwnprising a 
plurality of computers for processing transaction processing 
requests originating from a plurality of terminals, 
comprising steps of : 
5 a) estimating load states of respective ones of the 

computers ? 

b) determining estimated elongation rates of 
processing time for respective ones of the computers based on 
the estimated load states; 
10 c) calculating load indexes of respective ones of 

the computers from the estimated elongation rates; and 

d) determining load distribution among the 
computers based on the load Indexes. 

2, The load balancing method according to claim 1, 
15 wherein the step (a) comprises the steps ofs 

a-1) measuring load data of each of the computers 
at constant intervals; and 

a, 2) estimating a load state of each of the 
computers based on the load data- 
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3- The load balancing method according to claim 2, 
wherein, 

in the step (a), a curirent nvimber of in-process 
transactions in each of the computers is measured in response 
to start and termination of transaction processing at each of 
the computers, and 

in the step (b), an estimated elongation rate of 
processing time for each of the computers is determined based 
on the estimated current load state and the current number of 
in-procesB transactions in the computer, 

4. The load balancing method according to claim 1, 
wherein the steps (a) through (d) are sequentially perfonned 
when a transaction processing request has been received from 
a terminal, 

wherein, in the step (d)r one of the computers is 
selected based on the load indexes as an execution computer 
processing the transaction processing request. 

5- The load balancing method according to claim 2, 
wherein, in the step {a,l), a number of in-process 
transactions and a number of Job processing processes staying 
in a CPU system of the computer are measured as the load data 
measured at constant intervals. 
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6. The load balancing method according to claim 2. 
wherein, in the step (a.l), a number of in-prooeee 
transactions and a CPU utilization of the computer are 
measured as the load data measured at constant intervals. 

7. Tlie load balancing method according to claim 1, 
wherein the step (a) comprises the steps of: 

a.l) measuring load data of each of the computers 
at constant xntexvals to produce a sequence of load data; and 

a. 2) estimating a current load state of each of the 
computers based on the sequence of load data. 

8- The load balancing method according to claim 3, 
wherein the step (a) comprises the steps of: 

a.i) measuring load data of each of "the computers 
at constant intervals to produce a sequence of load data; and 
a, 2) estimating a current load state of each of the 
computers based on the sequence of load data* 

9, The load balancing method according to claim 3, 
wherein the step (b) comprises the steps ofs 

b-1) correcting the estimated load states using the 
current numbers of in-process transactions for respective 
ones of the computers to produce corrected estimated load 
states; and 
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b.2) determining esulmated elongation rates of 
processing time for respeotive ones of the computerg tiased on 
the corrected estimated current load states. 

10 . The load balancing method according to claim 8 , 
5 wherein the step (b) comprises the steps of: 

b.l) corxecting the estimated load states using the 
current numbers of in-process transactions for respeotive 
ones of the computers to produce corrected estimated load 
states; and 

10 b-2) determining estimated elongation rates of 

processing time for respective ones of the computers based on 
the corrected estimated current load states. 



11. The load balancing method according to claim 1, 
wherein, in the step (c)> an estimated elongation rate is 
15 used as a load index of each of the computers, 

12- The load balancing method according to claim 1, 
wherein, in the step (c) , an estimated elongation rate is one 
of a before- scheduling estimated elongation rate and an 
after- scheduling estimated elongation rate, 
20 wherein the before -scheduling estimated elongation 

rate is an estimated elongation rate calculated from a 
corresponding estimated load state before the transaction 
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processing request ±s alloceited to respective ones of tlie 
oomputere . ana 

the after-scheduling estimated elongation rate Is 
an estimated elongation rate calculated from a corresponding 
estimated load state after the transaction processing request 
Is allocated to respective ones of the computers - 

13. The load balancing method according to claim 12, 
wherein the step (c) comprises the steps Of: 

c.l) multiplying the estimated .elongation rate of 
each of the computers by a current number of In-process 
transactions In the computer to produce a total estimated 
elongation rate of the computer; and 

o,2) determining the total estimated elongation 
rate as a load index of the computer - 

14. The load balancing method according to claim 12, 
wherein the step (c) comprises the steps of s 

c.l) multiplying the estimated elongation rate of 
each of the computers by a current number of in-process 
transactions in the computer to produce a total estimated 
elongation rate of the computer; 

c-2) calculating a total estimated elongation rate 
difference between an after- scheduling total estimated 
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elongation rate and a before- scheduling total estimated 
elongation rate of each of the computers? and 

C.3) determining the total estimated elongation 
rate difference a& a load index of the computer. 

5 15. A load balancing system comprising: 

a plurality of terminals, each of which originates 
a transaction processing request: 

a plurality of computers, each of which processes a 
plurality of transaction processing requests originating from 
10 a plurality of terminals in parallel; 

a load estimator for estimating load states of 
respective ones of the computers; 

a load data memory for storing the estimated load 
states ; and 

15 an execution computer selector for selecting one of 

the computers as an execution computer to be put in charge of 
processing a transaction processing request based on load 
indexes of respective ones of the computers, wherein the load 
indexes are calculated from estimated elongation rates of 

20 processing time for respective ones of the computers, wherein 
the estimated elongation rates are determined based on the 
estimated load states. 
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16* The load balancing system according to claim 15, 
wnereln the load estimator measuriee load data of each of the 
oomputere at constant intervals and estimates a load state o£ 
each of the computers based on the load data, 

5 17. The load balancing system according to claim 16, 

wherein the load estimator measures a current number of in- 
process transactions in each of the computers in response to 

■Ij start and termination of transaction proceeeing at each of 

'X'^ the computers; and 

■^l 10 the execution computer selector determines an 

j=i= estimated elongation rate of processing time for each of the 

computers based on the estimated current, load state and the 
^ current nximber of in-process transactions in the computer. 

'^^ 18 . The load balancing system according to claim 15 , 

=^ 15 wherein the execution computer selector is started up when a 
transaction processing request has been received from a 
terminal and then selects one of the computers based on the 
load indexes as an execution computer processing the 
transaction processing request. 



20 19- The load balancing system according to claim 16, 

wherein the load estimator measures a number of in-process 
transactions and a number of job processing processes staying 



FQ5-489 



65 



In a CPU system of the computer as the load data measured at 
constant intervale . 

20. The load balancing system according to claim 16, 
wherein the load estimator measures a number of in-process 

5 transactions and a CPU utilization of the coo^uter as the 
load data measured at constant intervals* 

21. The load balancing system according to claim 15, 
wherein the load estimator measures load data of each of the 
computers at cionstant intervals to produce a se<^ence of load 

10 data, and estimates a current load state of each of the 
computers based on the sequence of load data« 

22 • The load balancing system according to claim 17 , 
wherein the load estimator measures load data of each of the 
computers at constant intervals to produce a sequence of load 
IS data, and estimates a current load state of each of the 
computers based on the sequence of load data. 

23. The load balancing system according to claim 17, 
wherein the execution computer selector corrects the 
estimated load states using the current numbers of in-process 
20 transactions for respective ones of the computers to produce 
corrected estimated load states, and determines estimated 



FQ5-489 



66 



elongation rates of processing time for respective ones of 
the computers based on the corrected estimated current load 
stotes - 

24. The load balancing system according to claim 22, 
5 wherein the execution computer selector corrects the 

estimated load states using the current numbers of in-process 
transactions for respective ones of the computers to produce 
corrected estimated load states, and determines estimated 
elongation rates of processing time for respective ones of 
10 Lhe computers based on the corrected estimated current load 
states* 



25- The load balancing system according to claim 15, 
wherein the execution computer selector uses an estimated 
elongation rate as a load index of each of the computers » 

15 26- The load balancing system aocoiitling to claim 15, 

wherein an estimated elongation rate is one of a before- 
scheduling estimated elongation rate and an after- scheduling 
estimated elongation rate, 

wherein the before -scheduling estimated elongation 

20 rate is an estimated elongation rate calculated from a 

corresponding estimated load state before the transaction 
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processing request is allooated to respective ones of the 
computers # and 

tJi© after- scheduling estimated elongation rate is 
an estimated elongation rate calculated from a corresponding 
estimated load state after the transaction processing request 
is allocated to respective ones of the computers. 

27. The load balancing system according to claim 26, 
wherein the execution computer selector multiplies the 
estimated elongation rate of each of the computers by a 
current number of in-process transactions in the computer to 
produce a total estimated elongation rate of the computer, 
and determines the total estimated elongation rate as a load 
index of the computer - 

28. The load balancing system according to claim 26, 
wherein the execution computer selector multiplies the 
estimated elongation rate of each of the computers by a 
current number of in-process transactions in the computer to 
produce a total estimated elongation rate of the computer, 
calculates a total estimated elongation rate difference 
between an after- scheduling total estimated elongation rate 
and a before-scheduling total estimated elongation rate of 
each of the computers, and determines the total estimated 
elongation rat© difference as a load index of the computer. 
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29. The load balancing eystem according to claim 15. 
further comprising: 

a control node connected between the terminals and 
the computers, wherein the control node includes the load 
estimator, the load data memory, and the execution computer 
selector. 

30- rThe load balancing eyetem according to claim 15, 
further comprising: 

a switching device connecting the computers to each 

other. 

Wherein each o£ the computers includes the load 
estimator, the load data memory, and the execution computer 
selector, wherein an estimated load state estimated at a 
computer is transferred to all other computers through the 
switching device so that the load state memoiry of each of the 
computers stores same load state data. 

31. The load balancing system according to claim 30, 
wherein the execution computer selector selects a computer to 
which the execution computer selector belongs when the load 
index of the computer is smaller than a value obtained by 
multiplying a minimum load index among the computers by a 
pre determined factor greater than 1 . 
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32- The load balancing system according to claim 15, 
further comprising: 

a switching device connecting the computers to each 
other, the switching device including the load data memory 
which is shared among the computers, 

wherein each of the computers includes the load 
estimator and the execution ooo^uter selector, wherein an 
estimated load state estimated at a computer ie transferred 
to the switching device to be stored in the load state memory, 

33, The load balancing system according to claim 15, 
further comprising: 

an interim control node connected between the 
terminals and the computers, wherein the interdLm control node 
includes an interim execution computer selector for selecting 
one of the computers according to a predetermined rule; and 

a switching device connecting the computers to each 

other, 

wherein each of the computers includes the load 
estimator, the load data memory, and the execution computer 
selector, wherein an estimated load state estimated at a 
computer is transferred to all other computers through the 
switching device so that the load state memory of each of the 
computers stores same load state data, and 
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wliereln tHe execution computer selector selects a 
computer to wliich the execution computer selector belongs 
when the load index of the computer is smaller than a value 
obtained by multiplying a minimum load index among the 
computers by a predetermined factor greater than 1. 

34. The load balancing system according to claim 15, 
further ooniprisings 

a switching device connecting the computers to each 
other, the switching device including the load data memory 
which is shared among the computers, 

wherein each of the con^uters includes the load 
estimator and the execution computer selector, vrtierein an 
estimated load state estimated at a computer is transferred 
to the switching device to be stored in the load state memory 
and 

wherein the execution computer selector selects a 
computer to which the execution computer selector belongs 
when the load index of the computer is smaller than a value 
obtained by multiplying a minimum load index among the 
computers by a predetermined factor greater than !• 

35. Hie load balancing method according to claim 1, 
wherein the estimated elongation rate E is a ratio of a 
px^ocessing time required for a job processing process to a 
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net processing time, wherein the estimated elongation rate E 
is obtained by the following equations 
E = X/(X - P*P), when P < 

= N + 1.0, when P ^ N, 
where X=N-(P+1), NiB the number of in-process 
transactions in a CPU of titw computer and P is the number o£ 
transaction processes in a CPU system of the computer - 

36. The load balancing method according to claim 1. 
wherein the estimated elongation rate E is obtained by the 
following equation: 

E = N(1-R)/(N(1-R)-R-R) 
where N is a number of in-process transactions in a CPU of 
the computer and R is a CPU utilization - 

37. A load balancing method in a system comprising a 
plurality o£ computers for processing transaction processing 
requests originating from a plurality of terminals, 
comprising steps of s 

a) estimating elongation rates of processing time 
for respective ones of the computers, wherein an elongation 
rate is a ratio of a processing time required for processing 
a transaction to a net processing time which is a sum of CPU 
time and an input/output time for processing the transaction; 
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b) calculating load Indexes of respective ones of 
the GomputerG based on the estimated elongation rates; and 

c) selecting a destination computer from the 
computers based on the load indexes, wherein the destination 

5 computer having a minimum one among the load indexes . 

38 « A. load balancing method in a system comprising a 
load balancing device for distributing transaction processing 
requests originating from a plurality of terminals to a 
plurality of execution computers, comprising steps of: 
10 at the load balancing device, 

a) receiving load data from each of the execution 
computers at regular Intervale « the load data including a 
number of in-process transactions and one of a CPU 
utilization and a number of job processing processes staying 

15 in a CPU system of the execution computer? 

b) estimating load states of respective ones of the 
computers based on load data received from the execution 
computers ; 

c) determining estimated elongation rates of 

20 processing time for respective ones of the computers based on 
the estimated load states; 

d) calculating load indexes of respective ones of 
the computers from the estimated elongation rates? and 
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e) determining load distribution among the 
computers based on the load indexes. 



39 - A load balancing method in a system comprising a 
plurality of computers and a plurality of terminals, wherein 
5 each of the con^uters processes a transaction procesBing 
requests originating from a terminal, comprising steps of: 
at each of the cotrtputere , 
ll a) estimating a load state of the computer based on 

5 1 load data measxired at regular intervals including a number of 

'r\i 10 in-process transactions and one of a CPU utilization and a 
l^"^ number of job processing processes staying in a CPU system of 

the computer ; 

b) storing the load state of the computer and a 
=1 load state received from another corrqputer in a load state 
1=1 15 memory; 

c) transferring the load state of the computer to 
all other computers; 

d) when receiving a transaction processing request 
from a teirminal, determining estimated elongation rates of 

20 processing time for respective ones of the computers based on 
the load states stored in the load state memory; 

e) calculating load indexes of respective ones of 
the computers from the estimated elongation rates; 
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f ) determining baeed on the load Indexes whether* 
the transaction processing request should be processed by the 
computer or transferred to another computer? 

g) when it is determined that the transaction 

5 processing request should be transferred to another computer, 
determining a destination computer among the coniputers based 
on the load indexes to transfer it to the destination 
computer; and 

h) when It Is determined that the transaction 
f.' 10 processing request should be processed by the computer, 

processing the transaction processing request, 

40- A load balancing method in a system comprising an 
K= intex-im load balancing device connecting a plurality of 

terminals and a plurality of execution computers, comprising 
Zl 15 Steps of; 

CI at the interim load balancing device. 

a) setting a predetermined distribution scheme; 

b) when receiving a transaction pxroceissing request 
from a terminal, selecting an interim destination execution 

20 computer from the execution computers according to the 
predetermined distribution scheme j 

c) sending the transaction processing request to 
the interim destination execution computer; 

at each of the execution computers. 
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d) estimating a load state of the executloa 
computer based on load data measured at regular intervals 
including a number of in-procesB transactions and one of a 
CPU utilization and a number of Job processing processes 

5 staying in a CPU system of the execution computer; 

e) storing the load state of the execution computer 
and a load state received from another execution computer in 
a load state memory; 

7j f ) transferring the load state of the execution 

10 computer to all other execution computers; 
Zl g) when receiving the transaction processing 

request from the interim load balancing device, determining 
estimated elongation rates of processing time for respective 
ones of the execution computers based on the load states 
15 stored in the load state memory; 
%l h) calculating load indexes of respective ones of 

C| the execution computers from the estimated elongation rates; 

i) determining based on the load indexes whether 
the transaction processing request should be processed by the 
20 execution computer or transferred to another execution 
computer? 

j) when it is determined that the transaction 
processing request should be transferred to another execution 
computer, determining a final destination computer among the 
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exebutlon computers based on the load Indexes to transfer it 
to the final destination computer; and 

k) when it is determined that the transaction 
processing request should he processed by the execution 
5 computer, processing the transaction processing request . 

41. A load balancing method according to claim 40^ 
wherein, in the step (a), the predetermined distribution 
scheme is a static distribution method such that the 
terminals are previously divided into a plurality of groups 
and an interim destination execution computer is determined 
depending on which one of the groups a request originating 
terminal belongs to . 

42- A load balancing method according to claim 40, 
wherein, in the step (a), the predetermined distribution 

^^^15 scheme is a static round distribution method such that the 

execution computers are se<iuentially and repeatedly selected 
as an interim destination execution computer in the arrival 
order* 

43- A load balancing method according to claim 40, 
20 wherein the step (a) comprises the steps of: 

a,l) receiving load data from each of the execution 
computers at regular intervals, the load data including a 
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number of in-procesa transactions and one of a CPU 
utilization and a number of job processing processes staying 
in a CPU system of the execution computer; 

a. 2) fletertnining the predetermined distribution 
5 scheme based on the load data so that a transaction 

processing load is balanced among the execution computers. 



44- A recording medium storing a computer program for 
jj instructing a computer of a load balancing device to 

'il distribute transaction processing requests originating from a 

10 plurality of terminals to a plurality of execution computers, 
H= the computer program comprising steps oft 

a) receiving load data from each of the execution 
computers at regular intervals, the load data including a 

C\ number of in-process transactions and one of a CPU 

'■^l 15 utilization and a number o£ job processing processes staying 

■^^ in a CPU system of the execution computer; 

b) estimating load states of respective ones of the 
computers based on load data received from the execution 
computers ; 

20 c) determining estimated elongation rates of 

processing time for respective ones of the computers based on 
the estimated load states; 

d) calculating load indexes of respective ones of 
the computers from the estimated elongation rates; and 
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&) determining load distribution among the 
computers based on the load Indexes . 



45 • A recording medium storing a computer program for 
instructing a computer to balance a transaction processing 
5 load among a plurality of computers , the computer program 
comprising steps oft 

a) estimating a load state of the computer based on 
load data measured at regular intervale Including a number of 

9: in-process transactions and one of a CPU utilization and a 

Ci 10 number of job processing processes staying in a CPU system of 
Zl the computer; 

b) storing the load state of the computer and a 
i=k load Stat© received from another computer in a load state 
■P \ memory ; 

3^15 c) transferring the load state of the computer to 

\1} all other computers; 

d) when receiving a transaction processing request 
from a terminal, determining estimated elongation rates of 
processing time for respective ones of the computers based on 

20 the load states stored in the load state memory; 

e) calculating load indexes of respective ones of 
the computers from the estimated elongation rates; 
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f ) determining ba&ed on the load Indexes whether 
the transaction processing request should be processed by the 
computer or transferred to another computer; 

g) when It Is determined that the transaction 
processing request should be transferred to another computer, 
determining a destination computer among the computers based 
on the load Indexes to transfer it to the destination 
computer; and 

h) when It Is detemnined that the transaction 
processing request should be processed by the computer, 
processing the transaction processing request. 



46. A recording medium storing; 
^ a first computer program for Instructing a first 

1=1 computer of an Interim load balancing device to distribute 

15 transaction processing requests originating from a plurality 
=1 of terminals to a plurality of execution computers; and 

a second computer program for instiruoting each of the 
execution computers to balance a transaction processing load 
among the execution computers, 
20 wherein the first computer program comprises the 

steps of: 

a) setting a predetermined distribution scheme; 
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b) when receiving a traneaotion processing re<juest 
from a terminal, determining an Interim execution computer 
according to the predetermined distribution scheme; and 

c) sending the transaction processing requesi: to 
the interim execution computer, 

wherein the second computer program comprises the 

steps of: 

d) estimating a load state of the e»:6cutlon 
computer based on load data measured at regular intervals 
including a number of In -process transactions and one of a 
CPU utilization and a number of job processing processes 
staying in a CPU system of the execution computer; 

e) storing the load state of the execution computer 
and a load state received from another execution computer in 
a load state memory; 

f ) transferring the load state of the execution 
computer to all other execution computers; 

g) when receiving the transaction processing 
request from the interim load balancing device, determining 
estimated elongation rates of processing time for respective 
ones of the execution computers based on the load states 
stored in the load state memory; 

h) calculating load indexes of respective ones of 
the execution computers from the estimated elongation rates; 
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1) determining based on the load Indexes whether 
the transaction processing request should be processed by the 
execution computer or transferred to another execution 
computer? 

5 j) when it is determined that the transaction 

processing request should be transferred to another execution 
computer, determining a final destination computer among the 
execution computers based on the load indexes to transfer it 
to the final destination computer; and 
10 k) when it is determined that the transaction 

processing request should be processed by the execution 
computBr, processing the transaction processing request. 



